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Fig. 1b' 

FIGURE 1 
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FIGURE 6 




Fig. 6a Fig.6b Fig. 6c Rg.6d Fig.6e 




FIGURE 2 



09/18/2000 18:23:13 page -5- 



5/5 

FIGURE 7 




FIG. 7B 
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A METHOD AND APPARATUS FOR COMPLETING A WELL FOR 
PRODUCING HYDROCARBONS OR THE UKE 

like mveatian relates to the field of petroleum service and supply industries, and more 
particularly to completing wdb for producing hydrocarbon*, geothcnnal weBa, or the Hce. 

Wmlc drilling is taking place, the integrity of a well is controlled by a drilling mud of density 
that needs to be adjusted so that the hydraulic pressure of the mud column opposes the leaks 
from the formations while simultaneously avoiding damaging the underground formations by 
fracturing them. When the drilled depth exceeds a certain value, the pressure difference due to 
the fiffcrence in depth is such that h is no longer possible to formulate a mud capable of 
performing its function over the entire length of the well, so to prevent coQapse of the wall, it 
is necessary to line the hole with metal casing. For this purpose, a certain number of casing 
tubes are placed end to end arid lowered down the wdl, and ire fixed to the wall of the wcD by 
cementing. Thereafter, drilling can continue down to the next critical depth. 

Each newly-drilled length must be fined with casing of outside diameter that b small enough to 
pass through the casing that U already in place at shaBower depths. As a result the casing has a 
staircase structure with a hole that is large at the top of the wefl and much narrower at the 
bottom of the well* Such a configuration 1$ far from optimal: a large hole at the surface means 
that drilling time must be wasted in a non-productive zone, whereas a narrow hole in the 
useful zones does not ffcvor production by good draining of the formation. 

Worse suU, h often happens that the hole passes through unexpected critical zones even before 
boring has reached a critical depth. Such critical zones may, for example, be veins of very 
friable rock or "pockets' of gas whiclv even though they m usually very 
major sources of danger both for the wefl and fix the work force on the surface. Under such 
circu m sta n ces, the only solution is often to cement these zones by putting casmg into place 
kiumxfiatdy, thereby further reducing the size of the hole, which can lead to a well being 
abandoned if further difficult zones arc encountered as drilfing commuea. 
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It wfll also be understood that it is very difficult to repair damaged casing by installing new 
casing, without farther sigmficafltiy reducing the ste of the hole and thus running the risk of 
preventing penetration of certain took or items of equipment that may be needed in the 
production zones, for example. 

Over the last few years, the industry has developed new techniques of coinpleting wells or of 
completing them temporarily, to as to rrdranuze the number of 'steps- and to increase the 
downhole diameter of the wdL 

Proposals have thus been made to use a composite material cwrairising an expandable doth 
made of glass fibers intpiegnated with j»Di»lynieri2ed epoxy resin and having a rubber 
membrane covering 

appropriate laying tool, the inembrane is applied against the waB of the hole or a damaged 
pc^tionofcasmg. andtheresm of 
that technique is that it requires electrical power of the order of 1 000 watts per linear meter, 
thiislmira^ruap^ 

of synthetic material cannot constitute a final replacement for metal casing since that needs to 
be capable, in particular, of withstanding treatments based on strong acids or other materials 
that are particularly corrosive. 

US Patent 5 34* 095 proposes making casing out of a continuous tube of ductie material 
capable of vrithstanmng Urge amounts of plastic defonnanon. The tube is enlarged by a 
conical tool and it can optionally be cemented. However, expansion of the tube is 
accompanied by a reduce 
probkms attend* 

US Patent 5 366 012 proposes a perforated finer provided with overlapping kmgitudSnal atets. 
A mandrel having a large diameter that is greater than the inside diameter of the perforated 
finer is used to expand the waa of the four and the orifices become larger. Fiber*i^«ced 
cernem can then be cast c*c 
the finer » bored again, th^ 

reinforcement. The need for former boring after cementing comtroites a major drawback of 
that tcchinque. In addition, in the slxweHMirioned case, the pressures required for expanding 
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the tube ire quite high and the final length of the finer b reduced. Finally, the slots must be 
pierced in compliance with very precise specifications, which leads to a manufacturing cost 
that is high. 

An object of the present invention is a novel type of expandable casing dial does not present 
the abovc-mentioaed drawbacks of the art. 

According to the mventbo, this object b achieved by a oner for o o niplrfin g a hole in an 
underground formation, the liner being constituted by a spiral-wound strip of spiral cross- 
section, its longitudinal edges having cotnplementary touching profiles such that after 
expansion the liner to circular in section. 

To complete a weS, the spiral tube is towered to the bottom of the hole and its walls are 
spread by means of a placement tool, eg. a conical tool, so as to place the tof^tudma) edge m 
a touching position where they form a cyEnder, A dosed continuous liner is thus obtained 
which can be cemented in conventional manner without the cement invading the inside of the 
liner, and thus without there being any need to bore inside the casing. It should be observed 
that the spiral-wound casing of the inventkm is particularly adapted to cementing wefls that are 
horizontal or multi-lateral, given its small diameter m its contracted state which lends itself 
wefl to being installed in narrow wells or in wells of trajectory that impedes the lowering of 
traditional casing segments. 

The finer of the invention b also well adapted to provisionally completing problem zones. In 
any event the hole may optionally be enlarged in the difficult zone and a spiral finer whose 
diameter after expansion is close to the diameter of the hok before e n la r ge m e n t may then be 
put into place and cemented. Thereafter, dialing can continue and the entire column, including 
the tone thai has already been completed, b subsequently completed in cc^rvectional manner. 

Tbe spiral casing of the uivendo^ 

since the outside dismeter of the spiral casing after expansion can be selected to be equal to or 
very sfigfruy less the inside diameter of the casing that ts already b place. 

The spvai-wound strip preferably has chamfered longturiinal edges that define contact 
surfaces whose general direction lies in a plane which forms a non-zero angle relative to the 
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longitudiiulwckof 

to provide mechanical engagement at • predetermined diameter. 

In a more particularly preferred variant of the invention, the liner is obtained by rolling up a 
itripiboutanaxisthattsatecci^ 

ruch nrnr"*M»~«, the for U m the contacted itate, h has ed^ which to a double 
he& arouad the cyfijida. If to 
figure u obtaiaed whose kflglh u 

The finer oftheiiiveatton cm 

coiled tubing, to order to complete sections that are of great length, it is possible to weld 
together a plurality of sheets, either during manu&cturc of the finer, which is preferable when 
using the coiled tubing technique, or else <firectfy on she. 

The finer of the invention can be made of metal, eg. steel or any other material having the 
desired degrees of elasticity and plasticity. U shoiiM ^ 

is selected, and providing it has not been cemented, then the finer of the invention can 
optiot^ be removed, t^ 

Other details and advantageous characteristics of the invention appear from the following 
description given with reference to the figures, in which: 

• Figure 1 UaAagramrnalkviewrfa n^ 

after expansion, shown in rxrspxrive (Figures la and lb) and in end view (Figures la' and 

-Figure 2 shows an expansion tool; 

• Figures she™ an exanu^tf 



•Figu«4tt*p*rspectto 
with toothed sections; 
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• Figure 5 shows a liner of the invention having tongtodma) edges constituting a double hefix, 
seen in perspective in the contacted stale (Figure 5a). after expansion (Figure 5b), and in 
longitudinal section (Figure 5c>, 

- Figure 6 shows an example of temporary completion using a finer of the invention; 

• Figure 7 shows a typical sequence for completion of a production zone; and 

• Figures shows a variant oft finer of the irrvemkm that is perforated 

The concept of the invention is shown in Figure 1. A strip, e.g. a metal strip, is spiral-wound 
(Figures la and la 1 ) with overlap over an angle A. After expansion, the liner is circular in 
section and its Jonghudhal edge* come into contact to constitute a dosed peripheral rurfcee. 

If the winding follows an Archimedes' spiral, then writing £ for the thickness of the strip and 
Dc for the pseudoHnaineter of the spiral-wound strip in the contracted state, the value De of 
the diameter after expansion b given by the following equation: 



where K the overlap angle, is expressed in radians, and where the lengths De, Dc, and e, are 
expressed in the same units. 

Whh an overlap cf 90* as shown in Figure la, a liner having an outside diameter De of 17.8 
cm (7") and a thickness £ of 9 J mm p/8 of an inch) b contracted to a diameter Dc of 14.9 an 
(5.86*). For an overlap of 1B0\ the expansion b dose to 50%. 

By way of example, the tool for expanding the liner of the invention cu be constituted by i 
double cone assembly as shown diagramnuricalry in Figure 2, having a first end 10 suitable for 
being fixed to the end of a coiled tube or of a string of rods, and a second end 1 1 of diameter 
smnTar to that of the spiral-wound liner in the contracted state, thereby eoabfing the spiral- 
wound finer to be pushed to the zone which is to be completed. The expansion tool also 
includes an enlarged zone 12 of outside diameter dose to the Inside diameter of the liner after 
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h ha, been expanded The erdarB<d zone 12 is ^tt^V cap^ of bc^ rrtncted «l tetst in 

ptrt by remote control means «ch 11 hyda^ 

of guch means u 11 conventional for placement tools is used in wells. 

In the vtritnt of the invention ihown in Figure 3, the conipleraentary longitudinal edges ire 
given teeth so is to fonn a raeehankal lock. As can be seeninoreparticuhuly mFiguresSato 
3d, a toothed edge, in this cue an edge hiving thtee melh, c» provide efe^ engagement. 

It may also be observed that the longtadmal edges hive i contact area toeing in 1 general 
direction X)* « a rwn-zeroar^ relative to the nonnal to 

ingle of about 4S«, and more generally lying in the W 30^to60*bgeowaBypiefified. 

Other variant toothed piofilei are shown m Figure 3e. The number of teeth can be increased, 
or on the ccmnry, decreased, and tt is possible to select profiles that are nearer to being 
squire so as to achieve engagement that is doser to being of the tenon and mortise type. In all 
of the examples shown in Figure 3, the toothed edges follow a general direction D at a 
certain angle relative to the normal to the tongMinal axb of tte liner. Tto pn^ selected is 
preferably guch as to mWntize radial tnctioo forces thu tend to oppose sliding of the two 
complementary portions. Aa shown in Figure 3 e, the elastic forces Fa and Fb that result from 
expanding the spiral-wound finer create „dial fixsion fotm Fc ami Fd wbidi t*^ to move 
the edges apart. This separation force can be minuni^ or even efinimate^ ^ 
shape of the teeth. 

The forces Fa and Fb which asrist in locking the finer are directly proportional to the overlap 
angle A of toe finer in the contracted position. Nevertheless, too much overlap also lends to 
» the radial forces so that a balance must be found between the deaired coefficient of 



The finer is expanded into the shape of a cone of diramiMns thrt depend easertiaDy on the 
geometry of the spimtwound finer and on its eh^dty, and to a smafier extern on the apex 
angle of the conical expaniion tool. To Kmh Kction foreea, o nmy be advantageow to setas 
„ expirmc* tool constitute by.cooewho^apexangfeisdosetotr-iofthe -natural- 
expansion cone of the spiral-wound finer. 
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Aj shown more particularly in Figure 4, the axis of the engagement teeth forms an angle B 
with the axb of the spiral-wound tube* This angle B has id optimum value hying between the 
"natural" oqpanskm cone angle of the Ener and zero, however zero is also acceptable. 

Figure 5 shows the moat particularly preferred variant of the invention in which the finer is 
obtained by rotting up a strip about an axis that is at a certain angle relative to the axis of 
symmetry of the atrip, bx the contracted position (Figure 5a), the edges form a double hefix 
around the finer. After expansion (Figure 5bX the two hefixes coincide and the junction fine 
winds helically around the hner. 

A particularly advantageous aspect of this geometry Bcs in it being possible for expansion to 
be performed without changing the X length of the Hner. U, as shown in Figure 5c, the 
"alanietcrs* of the hner arc written Be and Be (where index g corresponds to the Ener being in 
the contracted state and index e to the finer in the expanded state), and if the periods of the 
heficaJ curves tbOowed by the longitudinal edges are written He and He (where the period of a 
hefix is defined as being the distance measured along the knujhudlna) axis of the liner between 
two cx)rrespoafing points that are one complete turn apart around the cylinder of (fiameter Dc 
(or De if the case may be)), and if the length of a kMgmxhnal edge of the liner is written L for 
a finer whose total length is X, h can be shown that u» length L U equal to: 



and that amscquendy, if the tape U rolled up in such a manner that ^ = then the length 

if, H 9 

X does not vary. 

Whh ttzis double hehx configuration, tt should also be observed that if the strip ccrotrtuting the 
finer Is of thickness W f then the diameter after expaiitkOT 




A A 
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Finally, mother corucqueoc* of to geometry U Out all points on the surface of the finer move 
xn a plane perpendicular to the axis of the finer during the expansion stage. If the ends of the 
double heftx liner are cut perpendicularly to the longitudinal axis, then after expansion these 
ends wfll define perfect circles in plane that arc themselves perpendicular to the longtaidinal 
axis of the liner. This disposition is particularly favorable for ensuring sealing of the 
completion at the ends of the liner. 

Figurea 6 and 7 are highly diagrammatic and show two examples of completion using a spiral- 
wound finer of the invention. H being uricWntood that these examples arc not Imating m any 
way. 

In the example shown in Figure 6, the spiral-wound tube is used for completing a zone in 
ti!m|H>raryii«uuier.Inawefl 

between the focturtng gradient and the pressure of the formation. There may aheroatrvety be 
problems associated, for example, with the presence of formations that are highly unstable 
(dayey rock, sands, salts, etc.) in depletion rones, or other problems that are well known to 
the person skilled in the art The financial consecuences of such rones is generally out of all 
proportion to their length since anticipated completion thereof recjuires casing to be installed 
on an extra occasion, thereby recHicing the darned 

The well has been drilled and casing has been installed in its upper portion 1 . Driting has then 
contiiaied beneath the casu^ 

is not cased, prior to reaching a xone 4 of length Lz which needs to be treated bnmediatery 
(Figure 6a). The decision is taken to proceed with temporary completion using a finer of the 
invention. A spiral-wound liner 5 is pushed towards the bottom of the well by means of a 
double conical expanse 

move cm (Figure 6b) so as to spread ap« the waltotfte 

diameter (Figure 6c). Once the finer is in place (Figure 6d) the expansion tool is returned to 
the surto and the b cement 

shown here, the finer is provided whh evenings 8 to aDow cement to pass from the inside of 
the finer towards the awwhis 9 whkh is to be cemented, rjowever it is dear that a cementing 
shoe could be used. 
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After explosion, the inside diameter of the liner is practically kJenbcaJ lo the diameter of the 
hole in zones where there are no drilling problems (where necessary, the hole can be enlarged 
in the zone that require* treatment by means of t reamer). Drilling can then be started again 
without any need to drflJ through a cemented zone, and the entire well can be completed in 
accordance with the original drilling plan, and without any reduction in the diameter of the 
wed 

Tt if dear that additional toots such as ■ ccattifar couM he used b com binat io n with the finer 
of the invention. Abo, the finer is preferably fitted with codpieces made of a material that is 
easily deformed and that is easy to driD (eg. sJijmmumX thereby guaranteeing thai the ipirsJ- 
wounc liner is properly expanded over hs entire length. 

A typical sequence of using a spiral-wound finer of the invention fix completing a section of a 
reservoir is shown in Figure 7. Such an operation may be envisaged, for example, with 
formations that are unstable or sandy. 

The spiral-wound finer of the invention is brought in the contracted state to a ooa-cascd 
section of the reservoir (Figure 7a) and h u then expanded by means of an expansion tool 
(Figures 7b and 7c). Like any other production finer, the finer of the invention is, in this case, 
pierced to allow production fluids to pass therethrough, and as shown in Figure*, it is 
preferably covered in a grid which may be fixed thereto, eg. by being welded to the strip prior 
to spiral winding. The grid is preferably on the outside face of the liner, facing towards the 
waH 

It should be observed that the surface area of the roDed-up strip remains unaltered during 
expansion so wdb are not wtakened by the spiral-wound liner of the tmrntioa being put into 
place and expanded. For the same reason, the size and distribution of the openings provided 
for allowing the production fluids to pass can be selected in a manner that is entirely 
independent of the diameters in the contracted state and in the expanded stale. This makes h 
possible, in particular, to obtain a liner that b very strong in association with greater stability 
and longer fife of the well. 
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For. horizontal wdU*P^vvound fc» of the 

cut be placed very close to the fbmation, even in the upper portkm of the finer, and that is 
often not the case with a conventional tow that is hcapalfctf being eoittaeted. 

So long as k has not been cemented, a ipinJ-wound finer can be wMidmwn by means of a 
.pedal tool which sepantes the kmghudinal edgm » u to allow tl» 
return to a state rimilar to that of its initial contneted state. If inch withdrawal is expected 
only after several month, or years, ore ^Ntakmtensean^-eriallhuiscapableof 
retaining its elastic properties over such a long period of time. 

Tne geometry of the n^-wound bacr of the invention U eanreJy compatible with 

production at low cost For example, it U possfcte to use metu strip, (where 

that are welorf together) that are piesced m a p^ 

rollers or by a hydraulic press having a pund.. Tte loi«Studin* edges •« 

continuously so as to give them a toothed profile, and grids may shnilariy be welded at least 

.long one of the longitudinal edges before wimfing into a spiral FmaDy. the strip may be 

apiru-wound directly and then ceiled, enher continuous* or e^ 



fa general, it is preferable to pay out a liner of the tovention fii>m . red liice that tt cheaper 
once the section to be completed is long, snd more reliahle since connecttoM are onrit^ 
Nevertheless, h is equafly possible to use |»en of feted ta^ and to pert™ 
zone by repeatedly placing and expanding lengths of finer. 
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GLAIMS 

1/ A finer for completing t hole in an underground formation, the finer being constituted by t 
spiral-wound atrip, its longitudinal edges hiving complementary touching profiles such that 
after expansion the liner is circular in section. 

2/ A finer according to claim I, characterized in that the longitudinal edges define a contact 

surface of genera] c&octkm D lying in a plane that forms a non-zero angle relative to the 
lorghudmaJ axis of the finer. 

3/ A finer accord nig to claim 2, d^aixrtcrized in that said angle formed by the general ejection 
D of the contact surface lies in the range 30* to 60°. 

4i A finer according to any preceding claim, characterized in that the touching longitudinal 
edges have a sawtooth profile. 

5/ A finer according to toy preceding claim, characterized in that the finer b obtained by 
rolling up a strip about an axis that is at a certain angle relative to the axis of syrnmetry of the 
strip. 

6V A liner according to any preceoing daim, characterized in that it a provi ded whh openings. 

7/ A liner according to chum 6 , characterized in that it is covered in a grid 

tl A finer according to claim 7, characterized in that the grid is wdded on 

97 A method of completing a hole m an wxksground formation in which a spiral-wound strip 
a lo w ered down the hole, and the strip is opened until a circular section b obtained by means 
of a corneal pUccmcnt tool for putting the locgftudmal edges into a touching position. 

10/ A method according to claim 4, characterized m that it also includes a cemen ting 
operation. 

11/ The use of the method according to claims 9 or 10, for temporary completion of zones 
that are depleted or unconsolidated. 
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12/ The use of the method according to daim 9 or 10, for repairing * casing. 

13/ The use of the method of claim 9 for completing t production zone. 

14/ A system for completing a hole in wi underground formation, characterized in that it 
includes a liner according to any one of claims I to ft and an expansion tool suitable fix 
Iplaying apart the longitudinal edges until they take up a position where they touch each other 
edge-to-edge. 

15/ A tool for withdrawing a finer according to any one claims 1 to 8, the tool comprising 
means for moving the fangitucfina! edges apart by a (fiameter greater than the diameter 
comprising to a circular section and enabling the finer to shrink so as to return to a spiral- 
wound configuratkm of a diameter that » small enough to enable the liner to be extracted from 
the well. 
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